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INTRODUCTION AND SUMMARY 


Ventilation-air heating plants are in use at several iron mines on the 
Menominee Iron Range, Iron River, Mich. Many of the mines are exceptionally 
wet; during winter months, when fresh air is forced down the wet air shafts 
into the mine, it is usually necessary to heat the fresh air to above freez- 
ing so that the openings will not be ¢glosed by ice. 


The problem of ice closing air shafts has been solved by the practice 
of reversing the air current before the openings have become completely .. 
closet. This procedure involves drawing warm air from the mine up the usual 
down-draft air shart. The M. A. Hanna Co. has found, at some of their mines 
on the Menominee Range, tnat it is more convenient to heat the below-freezing 
air reather than reverse the air current. Intermittent freezing and tnawing 
of ice that has formsd in the air shaft tends to loosen the wall rock, re- 
quiring major sheaf s repairs. The cpenings are kept free of ice the year 
around by heating the fresh air during periods of below-freezing weather. 
Table 1 shows the monthly minimum mean, maximum mean, and mean temperatures 
for the Iron River area. Under normal conditions of temereture, the fur- 
naces are fired in November and usually are not allowed to go out until April 
of the following year. 


Two min types of ventilation-air heating plants are in use by the M. A. 
Henna Co. - steam and hot air. In both types of plants he2t is supplied 
by coal. 


Bach plant discussed is slightly different in details of design, method 
of heating the cold air, and method of operation; also, each type of plant 
services underground workings that are different in some respects. The plant . 
at the Homer mine is a hot-air plant and suyplies fresh air to a min air 
course, from which it is then forced to the various workings by secondary and 
auxilinary fans. The steam plent at the Bengal mine services the mine in the 
same way. The plant at the Hiawatha No. 1 mine is a hot-air plant. It sup- 
plies fresh air to a main air course; but the air also enters abandoned 
stopes, which serve as air-storege chambers. 


In the steam-heat type of plant, fresh cold air is drawn through steam- 
heated coils and forced into the wet air shaft by a main centrifugal fan in 
blower position to the mine. The hot-air-type plants require two fans - a 
main fan in blower position to the mine with exhaust position to the furnace 
and en accessory fan in blower position to the furnace. The accessory fan 
forces cold air into the circulatory ducts of the hot-air furmace. The air 
emerges heated and mixes with cold air being drawn into the min fan. The 
main fan in turn draws the intermixed cold and heated air and forces it into 
the air shaft. The primary purpose of the accessory fan in the hot-air plants- 
is a safety measure to maintain positive pressure in the furnace circulatory 
ducts, so that in case of rupture of the ducts of the furnace, furnace soot, 
ashes, and smoke will not be forced into the mine by the main fan. 
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TABLE 1. - Avcraze month 


Month Remarks 
January. . IFurnaco in cperation. 
Fobruary. | Do. 

March... | Do. 

April. eee 

MAY. rccce 

JUNC eevee Th 23 

July.cece 79 Re) 

August... 76 26 

Septouber 68 15 

Octcber.. 55 \ 

November. 39.4 -17 jFurnaco in operation. 
December. 26.2 -3) Do, 


l/ U. S. Dopt. Agr., Woatheor Dureau, paeeeee curmary of the U. S., Section 
63, Uppor Michigan, pp. 16-19, 


Tho plants have all beon built to rigid sefoty specifications and pro- 
vide for quick reversal of sir current in caso of fire or other emergency. 
Floor drains have been provided te facilitate removal of water that may accu- 
mulats by condensation or otherwise, bird screens are placed over the fresh- 
air intaxos, and a positive pressuro is always maintained in the circulatory 
ducts of tha hot-air furnaces. 


Each plant, whether hot-air cr steam, is designed for tic particular 
needs of the mine it sorves, but in all cases to provide the necessary 
amount of warm air to keep tho air sheft open. The number and type of elcc- 
trically controlisd automatic devices on the plants ere deterzmined by the 
mine to be served. Menunlly contzrollcd hsating plants are completely setis- 
factory in some cases. In mines wnore the air is blown into lerge storage 
chambers cr where decreasing the amount of fresh air entering the mine over 
a short period dces not impair working efficiency, "starving" the fan for 
aix has been found to bo a satisfactory method of reducing the amount of cold 
air entering the wet air shaft. 


The purpose or this report is to cover the operating idea rather than 
to discuss the technical details of design and air flow. Tho hoating plante 
described were designed by the tochnical staff of The M A. Hanna Co, They 
Were assisted in the installation cf autcematic deviccs by technical men Prom 
various equipment mamfacturers,. Technical dotails cof cesign, as Woll as 
details of the design and installation of automatic devices, are available 
from fan and furnace ramfacturers, 
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S.E. Quayle, manager, Michigan mines 

George hoehler, chief mining engincer 

R. C. Mahon, superintendent, Homer and Wauseca mines 
Charles Haines, master mechanic, Homer and Wauseca mines 
R. B. Wortley, superintendent, Hiawatha No. 1 and < mines 
Aden Krans, chief mechanic, Hiawatha No. 1 and 2 mines 
Jack Morrow, mining engincer 

Frank Keese, superintendent, Bengal mine 

Jack Corlette, electrician, Bengal mine 


Most of the data presented herein have been gained through personal 
conversation and discussion with Mr. Koehler and tho resrective mine superin-~ 
tendents and mechanics. Acknowledgment is also mace to G. Me Ecndrick of 
the Amcrican Blower Corp., for his suggestions and criticisms on the portion 
of the paper concermed with the scoop control hydraulic coupling. 


EENGAL MINE PLANT 


The steam heating plant at the Bengel mine is semi-automatically 
operated. The plant was desimed to maintain the fresh air entering the 
airway during the winter at 40° F. or above. 


General features in the desig of the plant are: 1. Fresh eir required 
by the mine is furnished by a main centrifugal fan having rated capacity of 
€5,000 c.f.m. in blower position to the mine. 2. The temperature of the 
fresh air entering the mine is controlled by a temneraturc-registering bulb 
installed in the exhaust airway of the min centrifugal fan. 3. The plant 
is built to rigid specifications of safety and provides for quick reversal 
of the air current in the case of fire or other emergency. 


Air is forced underground through a direct air course, and distribution 
from there is by secondary or auxiliary fans. 


Figure 1 is a diagrammatic sketch of the plant and shows the direction 
of air flow. Both furnace and fan are completely encloscd in separate steel 
buildings. Coal is stored in bins and fed to the furnace by a manually con- 
trolled stoker. The stoker fecds the furnuce that heats the weter in the 
toiler and transforms it into steam. Water is obtained from a local city 
supply. The stoker has a maximum capacity of 100 pounds of coal per hour, 
but the maximum is not needed except during periods of extremely low outside 
temperature. The amount of coel required to heat the incoming air is depend- 
ent on the outside temperature and is determined by the operator. An experi- 
enced operator usually cen estimte closely the amount of heat required for 
various outside temperatures. 


Steam gencrated in the boiler passes throuzh a 6-inch steam line to the 
Aerofin steam radiator unit. The radiator unit consists of three sections 
in e vertical position, one upon the other. Two-inch steam lines branch from 
tie main 6-inch line to service each section of the radiator unit. The steam 
p2sses through the rediators into a steam trap, condenses, and returns to the 
water-storare tank. Appropriate valves and connections are included in the 
circuit where needed. 
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Fresh air is furnished to *he mine by an electrically driven ceat ifugal 
fan driven by a V-belt drive f:0om a i15-hp. motor. It supplies 25,000 c.f.m, 
at 889 r.p.m. The fan draws fresh air from two sources: (1) through by-pass 
louvers, which are in front of the steam-heated radiators, and (2) through 
main louvers, which are in back of the stearmheated radiators. The fresh air 
drawn from outside through the by-pass louvers is not heated, Air from both 
sources is drawn simltanecusly into. the main centrifugal fan and forced into 
the airway, which in turn carries it into an airshaft. | 


A thermometer in the airway at the exhaust side of the main centrifugal 
fan automatically controls the size of the openings in the fresh air intake 
louvers and keeps the air entering the mine at approximately 40° F. The 
thermomcter is connected in closed circuit with (1) an electric motor that 
operates dampers on the by-pass louvers, (2) another electric motor that 
operates dampers on the min louvers, (3) an alarm bell, and (4) a thermometer 
in the cteam return line. 


The airway thermometer operates the dampers on both sets of louvers by 
means of controllers. If the temperature of the air in the airway drops 
below 40° F., the bulb reacts to the lower temperature and starts the elec- 
tric motors that oporate the dampers on both sets of louvers, The by-pass 
louver dampers would then start to close, and the main louver dampers would 
gradually cpen, thereby introducing mre air through the steamheated radia~ 
tor unit and serving to raise the tomperature in the airway. When the tem 
perature reaches 0° r,, the thermometer in the airway is stabilized and the 
motors are cut off. 


Conversely, as the temperature of the air is raised above 40° F., in the 
airway, the thermomter, by means of the controller, starts tho louver damper 
motors, The by-pass louver dampors will then open wider, and the main louver 
dampers will pradually close. When the temperaturo again reaches 40° F., the 
motors will cease. to operate, 


Whon the outside temperature is ebove 40° F., it is not necessary to 
heat the air, and all air enters through the by-pass louvers. In extremely 
cold weather the by-pass louver dampers may be completely closod and the main 
louver dampers may bo completcly open; thus, all cold air will pass through 
the radiator unit. If the operator is fully aware of the situation and has 
the furnaco operating at peak capacity, the radiator coils will not freeze; 
but if the furnace is not generating enough steam and the coils freeze, the 
alarm bell will indicate that a section of tne radiator unit has frozen. 

This alarmis activated by tho thermometer in the steam return line. 


Whon the plant was first dosigned in 1948, it was without by-pass louvers, 
and temperatures were controlled by shutting off the steam to a section in the 
radiator unit by mans of a "kick-off" valve on the 2-inch steam linc. The 
fresh air would then pass throvgh two heated sections and one cold section. 
All sections were cquipped with "kick-off" valves, and if the air was suffi- 
ciently warm, all sections would oventually be shut off from the circuit. 
Conversely, if the temperature in the airway dropped lowor than 40° F., one 
or more sections would automatically be cut back into the circuit, so tho 
fresh air would pass through heated sections. 
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Diagrammatic Sketch 


Figure 2. - Hot-air plant, Hiawatha No. | mine. 
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Although this. method served to control the temperature satisfactorily, 
it was soon realized the cold fresh air condensed the steam in a shut-off 
section. The water and the coils then froze, and this necessitated shutting 
down the fan to thaw the frozen section. 


This situation was partly solved in the winter of 1948-49 by by-passing 
the steam around the “kick-off" valves in the 2-inch lines with a l-inch 
stcam line. This permitted steam to enter each section continuously, even 
if the “kick-off* valve was closed, although not in as great quantity as 
through the 2-inch line. The steady but smll amount of steam moving through 
the section was enough to keep the sections from freeZing, 


.In the summer of 1949, the “xick-off" valves were removed sonprateiy and 
by-pass louvers installed. Now the steam enters all sections constantly from 
pipes of the same diameter, and temperature is controlled by the automtically 
controlled dampers on the by-pass and main louvers» 


The plant has operated successfully under the desig with the by-pass 
and main louvers through the winter of 1949-50 in temperatures that have ap- 
proached a minus 30° F. Freezing of coils has been eliminated , and good 
temperature control of the air entering the air shaft has been mintained. 


HIAWATHA NO. 1 MINE PIANT 
The hot-air heating plant at the Hiawatha No. 1 mine is manually operated 


It is so designed that (1). the fresh air for the mine is furnished by 
a main centrifugal fan, having a capecity of 30,000 c.f.m., located in blower 
position to the mine and exhaust position to the furnace; (2) twin accessory 
fans with a capacity of 10,000 c.f.m. are in blower position to the furmace; — 
(3) cold air entering the mine , during wintertime: operation, is controlled 
mamally by opening and closing a 6-foot sliding door; and (4) built to rigid 
specifications of safety, this plant also provides for quick reversal of air 
current. 


Fresh air enters the mine through a 6-foot 4-inch by 6-foot 4-inch shaft. 
The eir currents enter a direct air course as well as large areas that serve 
AS fresh air storage chambers. 


The min fan is used alone during the summer months. In wintertin, 
when outside temperature is low, the twin accessory fans are used in conjunc- 
tion with the min fan or alone. Their min purpose is primrily to keep 
positive pressure in the furnace ducts for safety. If no accessory fans were 
used during furnace operation, the main fan would draw air through the furnace; 
then, a negative pressure would develop in the furnace ducts. Under such con- 
ditions, soot and furnace gases could be drawn into the circuit should a break 
develop in the walls of the furnace. 


The plant is designed so that automtic stokers start when the tempera- 
ture reaches 32° F. Fresh-air intake for the min fan is through a 6-foot 
sliding doorway, and adjustment of the opening is controlled manually. The 
cold fresh air is drawn directly to the main centrifugal fan. Figure 2 is a 
diagrammatic sketch of the hot-air heating plant. | 
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Fresh-air intakes for the twin accessory fans are through louvers on 
the opposite side of the building. The cold air is forced through the hot- 
air heater ducts. The warmed air is then mixed with the cold fresh air and 
drawn into the main fan. The main fan then forces the mixed cold and heated 
air into an airway and thence into the shaft. 


Coal for the furnace is stored in bins and fed by an automatic stoker 
having a peak capacity of 100 pounds per hour, The furnace is rated at 
1,255,000 B.t.u. per hour, 


The manually controlled sliding door is opened or closed according to 
the temmerature of the air entering tho airway at the discharge ond of the 
main fan. It is always kept above 32° F. When the outside temperature is 
extremely low, the heater has aieeicuity in raising the temperature of the 
air above freezing; then the main fan may be cut off entirely and the fresh 
air-intake sliding doorway closed. When the main fan is not operating, air 
enters the shaft from an airway that leads directly from the twin accessory 
fans. These ducts are controlled by a trap door hinged in the wall and shown 
in the isometric sketch (fig. 3). The door is in the forward position when 
the main fan is operating, This permits warm air from the heater ducts to 
enter the main fan and mix with the cold air being drawn through the sliding 
door, If the main fan is not operated because cf excessively low tempera- 
tures, tho sliding door 1s closed completcly and the trap door is swung into 
the back position. This opens the airway leading directly to the accessory 
fan and closes the alrway leading from the main fan, 


The plant is so designed that, if the twin accessory fans stop working 
for any reason, the main ran will cut cff immediately. This safety precau- 
tion enables the operator always to maintain a positive pressure throughout 
the circulatory systom of the heater, Tho main fan is driven by V-belt con 
nection to a 15-hp. eloctric motor. The twin accessory fans also are driven 
in the same manner by a 5-hp. motor. 


HOMER MINE PLANT 


This heating plant is the hot-air type, completely eutanatic and 80 
designed as to maintain entering air at 369 F. or above. It is the most 
elaborate of the taree plants discussed and has the highest capecity of cubic 
feet of air per minute. 


General features in the cesign of the plant are: 1. Fresh cir to the 
mine is furnished by a main centrifugal fen in blower position to the mine 
and exhaust position to the furnace, and en accessory fan in blower position 
to the furnace. e. Temporature of the fresh air entering the mine is 
controlled by a thermaqneter on the outside of the building. 5. Speed of 
the mein fan is regulated by 2 scoop-control hydraulic coupling. This plant 
also is built to rigid safety specifications and includes bird s¢crems qm 
the fresh-air intakes, positive-pressure maintenance in the circulatory systez 
of the heater, and provision for quick reversal of the air current. 


The Homer mine has a main direct-air course, and all air is diverted and 
forced fram the mein air course into stopes and sublevels by means of 
secondary fans and auxiliary fans. No air is forced out of the main air 
course and into workings by the main fan. 
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There are no manuelly opereted fcatures in the heating plant other than 
placing coal in the bins and checking the discharge air for gases. Figures 
4 and 5 are a diagrammatic and an isometric sketch of tho plant. 


The building that houses the plint was formerly a dry house, and it has 
beon built over to fit the needs of the heating plant. Tho main coal bins 
aro in the basement, and the coal is transferred to a 1-ton capacity stoker- 
fesoding bin by a bucket elevator. | 


The stokor is equipped with an automatic air foed, which varies tho 
propor amount of air according to thy amount of coal fod to the furnace. 
Tho furnice is rated at 4,000,000 B,t.u., and coal consumption at maximm 
capacity is 300 pounds per hour, f&tokor opcration is controlled by a ther- 
momctor in the airway at tho oxhaust cf the main fan, Tho stoker will start 
feeding coal at 46° F. and increases or decreases the feeding rato according 
to the temperature of tho air in the airway, 


The furnace has an cxhaust fan tc facilitate removal of fascs caused 
by burning coal. Both the automatic air fecd and the exhaust fan are regu- 
lated and controlled by the stokor to insurc proper combustion of the coal 
and to assist in gaining the propor amcunt of CO» in tho exhaust gases. 


The plant is equippod with an 80,000 c.f.m, main centrifugal fan blowing 
into the mine and a 50,000 c.f.m acceesory centrifugal fan that forces air 
through the furnace, Each fan has suparate fresh air-intake louvers on the 
roof of the building. The louvers for the main fan are back-draft, whereas 
those of the accesscry fan are stationary. Tho louver dempers for the main ~ 
fan are set on pivots; and the size of the opening is detormined by the suc- 
tion of the fan, Air cannot be forccd through them from inside the building. 
The main fan is used alone in summer and with the accessory fan in winter. 


Fresh air coming through the louvers for the accessory fan is forced 
through the circulatory system of the furnace by the accessory fan, and the 
rosulting warm air is mixed in the mixing chambor with the cold air drawn 
from the frech-air intakes by the main fan, The main fan, in turn, picks up 
the intermixcd warm and cold air, forces it into the airway, and thonce into 
the airshaft, 


The main centrifugal fan has a peak operating capacity of 80,000 c.f.m, 
and is driven by a constant-spoed, 75-hp., 1,800-r.p.m. electric motor 
through a combination fluid and V-belt drive. Fan speed is controlled auto- 
matically by tho outside temperature through control of the fluid in the 
fluid-drive mechanism ana is necessary because, at an outside temperature of 
20° F., the fan, operating at poak capacity, will freezo the water in the 
wot air shaft, Tho 50,000 cubic feet of warm air por minute from the acces- 
sory fan is not enough to heat above freezing the 30,000 c.f.m, of cold air 
drawn in by the main fan; therefore, whon the outside temperature is below 
20° F., less cold air mst be drawn and forced into the air shaft. This is 
accomplished by slowing tho speed of the main fan. For every 10-degrec drop 
in temperature, the fresh air entering the mine is reduced by 10,000 c.f.m; 
therefore, at -10° F, only 50,000 c.f,m, entcrs the mine, This amount-of 
air can then be furnished. by the accossory fan, which forces the air through 
the furnace circulatory system. At temperatures of -10° F, or lower, tho 
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main fan will idle and mve only as a result of the air current created by 
the accossory fan. The accessory fan then becomes the main fan in the cir- 
cuit and supplies all fresh air being forced into the mine. 


When the temperature cutside is low and the miin fan is idling, the 
drive motor continucs to run at constant speed owing to the scoop-control 
hydraulic coupling or fluid drive, The specd of the main fan, regulated by 
the outside temperature, is controlled in the hydraulic coupling, having an 
oil capacity of 2-1/2 gallons, and automatically provides stepless speed 
variation with changes in outside temperature, With the automatically con- 
trolled drive, the output specd is proportional to the oil in the working 
circuit. Minute variation in speed is produced by like adjustmente of the 
scoop lever and is governod by a thermometer outside the building. 


The scoop-control hydraulic coupling is shown in figure 6. Drive-shaft 
specds are varied by varying the quantity of oil in the working circuit. The 
oil reservoir is of sufficient diameter that the quantity of oil required by 
the working circuit for maximm speed and efficiency is contained in a ring of 
oil rotating outside the working circuit. The scoop tube, which picks up the 
oil and transfers it to the working circuit of tho hydraulic coupling, can be 
placed in various positions, depending on the quantity of oil required for 
certain speeds e 


The fluid drive consists of an impeller and runner, two enclosing cas- 
ings to retain the o11, and a scoop-tube assembly attached to a stationary 
manifold. The impoller rotates with tho constant~-speod driving motor and 
end thereby pumps oil into the runnor, whose vanes absorb kinetic energy from 
the moving oil. The oil, having given up its onergy, then flows toward the 
center of the runner and passes back into the impeller. The cycle repeats 
and results in a continuous flow of energy from the impeller side to the run 
ner side. The casings aro attached to and rotate with the impeller, and a 
portion of the oil constantly flows from tne inner to tho outer casing. Initi- 
ally, the drive is filled with just onough oil to fill the impoller, runner, 
and cooling circuit, so that idle oil in the outer casing is a subtractim 
from the working circuit. 


The position of the movable scoop tube controlled by the thermometer 
outside the building adjusts the amount of oil in the outer casing and thus 
regulates the quantity of oil in tho working circuit. The scoop tube can be 
fully ongaged where it skims off all the oil in the casing and thus fille 
the working circuit, or it can bo rotracted complotely where all the oil lies 
idle in the outer casing, In this case, the unit is "declutchcd." In-between 
post trou egulate torque and spoed of the drive, thus regulating spced of 
the fan | 


At outside temperatures of 20° F. or above, the tube is fully ongaged in 
an upright position and draws all of the oil from the outer ring or reservoir 
and returns it to the working circuit, Below 20° F. temperatures, the scoop 
retracts and draws less oil from the roservoir, thereby "starving" the working 
circuit. As a result, the impollor, rotating with tho constant-epeed driving 


2] Edmonsen, G. V., Applying Fluid Drivo in Industry: Paper presented before 


the Detroit Session of AISB Annual Mecting, Sopt. 24, 1945, Reprinted 
from Iron and Steol Engineer, March 1946, by American Blower Corp. 
ey See footnote 2. 
/ see footnote 2. 
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motor, his less oil to pump intc the rumner. Power transmission is gained 
through weight of the fluid and its velocity impingement on the runner vanes; 
thus, the shortage of oil causes a drag in the runner, or “slippage” results 
between the impeller and runner. With the scoop tude remaining steady in any 
intermediate position, “slippage” will be constant, and the fan speed will 
celow up accordingly. 


Hydvaulic coupling fluid mst be kert at a constant temperature to main- 
tain and regulate the speed cortrol. This is accomplished by employing a 
centrifugal fan unit cooler. This unit is in closed circuit with the hydrau- 
lic coupling and is filled with oil cver and above that required for the coup- 
ling, The temperature of the fluid is kept at 120° F. 


The unit is cquipped with a thermostat in the oil line that receives 
hot oil from the coupling, The thermstat is connected in closed circuit 
with an electric motor, which in turn onerates a set of louver dampers in 
the unit. ‘The louver dampers cerve to control the amount cf ccld air being 
drawn through the cooling coils or the unit by afan. The fan operetes at 
constant speed, continuously drawing cold air thrcugh the coils. The tem 
perature or tho oil is controlied by the thermostat in the hot oil line acti- 
vating the clectric motor, which in turn regulates the lcuver dampers so that 
the proper amount of cold air passes over the cooling coils to maintain the 
temperature of the oil at 120° F. 


Ths Homer mine ventilation-air heating plant operated quite successfully 
during the winter of 1949-50. Control of temperature of the cir entering the 


mine was maintained close to 30° F. No serious difficulties have been experi- 
enced with the autcmatic devices. 
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